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Abstrace

. Tmiature protophiloem sieve cletmenis present in the embrve of Phuseclus musge matue at about
e time of gormination. The sicve clsents Jifferentiale bowh acropesatly and basipetally, There
are mumercus protophloem sieve fubes in the pper iypocotsl These are connected by anastomosis to
Hour sigve tgbe, fn the rovt,  The protaphlosm sigve tubes are ac wanied by bypsrelicomatic
phlocm pardrehyma, Hyvperchromaticity is the efr nudr the dFerentiating end’ in the root.
Vascular bundles in the conyledon are amphicribil, Thin deposis of calloss ave present in some
sieve plates but absentin others,

Introduction

Congsiderable atsntion has been givon 1o the ontogeny of the sesondary sieve
clement but lrte s known about the differentiation of the primary sieve elormut
The longirudina! covrse of protophioes A rentiation. In particuiar, s poorhy nhder
stood, The avalabo literatire shows thay the iniual oourse of the protophioem
siove clenent nas been studiod ondy ina Fw plants (Baan, 1965 Hague & Isa, 1977;
Mitler & Wotmore, 1945; Moens, 1963).  The provophlocm n sy differentinte either
acropetally or basipetally or in both ways depending upon tne locaton of s ﬁrg&
appearance {Lalfour, 1957; Bismputra, 1961 Hayat & Canight, 1963 Even ef @,
HYO9Y. Fn Phlox tho protophlves ditferentiaes bidirectionatly 1o the distal part
of the cotyledon ard wwards the hypocotyl root axis (Miler & Wetmore, 1945).
Ad the cotyledonery nudg it splits and sxtends fnto the wisotyl.  According to Comp-
ton {1912) all strands of protophloom are cotytedonary in most logumas,

As the immature protophloon  siove s.om mis had boon found inthe hypocotyl
ol the mature ombeyo (Haque & E-ghawan, 1377, the prgsort work was undortabon
Lo invostigate ar d roport tho d'fforentiation of the (otephloem slove elumont o the
soaked socds and voung seadiings of £l seolus wivero.

Maveriat and Methods
: ; 3 : ¢ -, . “ R T H i 0y Pr AT
The exparinient was cordactal I e Bosarunam of Bicology, Tovas A & M

L n’:aivorzsxw., U5 AL with 1he soabed soods nnd young seudliiigs of Phasee /u;x ;/;m.:z;;«,» i
The secds ware obiained throug. the countusy of Mr. JE. Bagluman,  Woocdswend
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Fig, 1. Transverse section of a 3 hr old seedling showing 4 protophlosm poles in the root. Each
pole has one sigve tube(s) encircled by hyperchromatic philoem: parenchvma (h}. X 85.

Fig, 2. Higher magnification of a sieve tube(s) thun these in Fig, 1. The single-layered pericycle
(at the arrow) including some of the hyperchiomatc cells (hy. X 750.

Fig. 3. Transvere section through the upper part of the voet i a 3 by oid seeching shoning 1, or
2 closely associated sieve rubes(s) in each pole. X 83,

Fig. 4 Transverse section of the lower hypocoryl of a 3 hr old seealing showing 3 sieve tubes(s)
in each pole. They are more widely separated than in Fig. 3. X &5.
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protophloem sieve tubes lack companion cells. In Phascolus mungo no companion
cells but hyperchromatic phloem parenchyma was detected in the hypocotyl root
axis (Fig. 2.3,7). This finding coincides with the report of Haque & Isa (1977) for

Fig.

Fig.

Fig.

Fig,

Longitudinal section of the axis of the ¢gmbryo at about the point of germination (12 hr
after soaking) showing protophloem sieve tube(s) with slime plugs (SP). X 1000.

Longitudinal section of the root of a 6 hr old sesdling showing a row of protophloem
sieve tubes(s). accompanied by hyperchromatic cclls. X 240,

Transverse section of U € lower part of the hypocotyl of a 6 hr, old scedling showing two
sieve tubes, (s). Each sieve tube is encirclzd by a group of hyperchromatic phloem paren-
chyma. X 640,

Transverse section through the hypocotyl {just below the node) of a 3 hr old seedling show-
ing the distfibution of protophlocm sieve tubes (s) in ares. No sieve element i3 present
outside the pole of eoprotoxylem (CP). X 160,
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Corchorus. Resch (1961) found such hyperchromatic. phloem parenchyma along
with sieve tubes. He,however, has reported that a small fractionof thesieve elements
possess companion cells.in the roots of Lepidium, Sinapisand Cucurbita but he.did not
find companion cells in the roots of Rhoeo and Tradescantia. Without showing any
ev1dence Doutt (1932) has, however. reported the presence of companion cells along

wit prot phIoem sieve tubes in the root of P. vulgaris. 'Within 6 hours after
ger. ree-fourths of the root i rsed by the mature protophloem sieye
tubes. tyl (Fig. 6):

, In the hypocotyl root axis of young Seedlmgs, rows of tannin cel
within, ang JuSt mS1de the primary phloem. These are large and s
; - nd Doutt (1932 havel'also e

are;found
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for 9-10 hours, show immatnre protophlocm sieve elements in the petiole and at the
base of the Cotyledan The state of maturlty of these &lements i similar to that of
thehypocoty! of the dry sead. “The immature sieve elements at the base of the coty-
ledoni proceed, adaxially -along with the major procambial strands as scen in the
longﬁrudmal sections of the cotyledon of the seed at about the pomt of germination
(10 12 hours of soaking). Almost qunul*aneously some of the minor strands of
the ploczzm‘na are traversed by a few immature sieve elements., The maturation of
sieve elem nts in the cotyledon proceeds from the base. It is very rapid particulazly
in the larger procambial strands. Most of the sieve elements of both major and
minor procambial strands of the cotyledon, become mature in.the 18 hours old seed-
ling. Some imumnature sieveeiemonts are, however; Tound in a few minor procambial
strands of the 24 and 30 hours 0 d soedlings. These poSsxb]y do not attan maturity
and gotwithered along with.the colyledon. This findingisin ag gement with that of
Haque & Isa (1977) for Corchopus. Ultimately the protophloem and metaphloecm sieye
elementsare ostablished in the entire outer periphery.of the proca.ibial strards of the
cotyled.on as, soen in the tra sver sacuons of the procambla In “the 18 hours old’

Compfon (1912) has
lar tlssua in th@ COtY]@dﬂnS of P, lzernandesu

of the sxmple lea.f in: . ‘
cells and are bmdllor m 1et<>r tha‘.n thosa of thg axis.
In-the hypocotyl of the s=eds, Soaked for 8-11 hours, the chromaticity of the

nuc ei and nuecleoli at the 1mmatuxe sieve clements graduaily decreases with an in-
crease in vacuolation. The cell wall as well as the [ength and diameter of the sieve
element increases considerably. Highly disorganised nucleus has been observed in
some cases-ds seen i the plastic sections of the hypototyl of the seeds soaked for
“Tne piotophloem -sieve elemenw in the hypocotyl root axis of the ssed

qhme plucsa(Fzg ‘?) These ane f‘ully mature pmtophxoem sieve elcments Ha que &
Isa (1977) have also found mature sieve elements in the hypocotyl of the sprouting
seed of Corchorus. The. protophloem sieve elements of the hypocotyl differentiate
acropetally into, the cotyledon and basipetally into the. root. Such bidirectignal
differentintion of protophloem has been reported for various prants (Balfour 19<7
Bisalputra, 1961; Hayat & Canright, 1965; Miller & Wetmore, I 945).  Unger (1 952)
reported tllatprotophloem differentiates acropetally and, basipetally from the base of
the cotyledon of Echinacea. In Phlox the protophloem differentiates b]dnectlonally
into the distal pant of the cotyledon and towards the hypocotyl root axis (Miller &
Wetmore, 1945). The direction of differentiation of protophloem depends upon
where it appears first.

There are nuinerous protophloem sieve tubes in the upper hypocotyl (Fig. 8).
These are conneoted by anastomosing to four sieve rubes in the root (Fig. 1.3.4). In
the lower hypocotyl, waere the number of sieve tubes is greater than four, cach pole
may have 2-4 adjacent sieve tubes as seen in cross sections (Fig. 4,7). Anatomosis
of protophloem sieve elements has occurred in the lower part of the hypocotyl root
axis of Phaseolus mungo (Fig. 3,4,7 ,8). Anastoniosis of protophloers has been re-
ported for various plants (Haque & Isa. 1977; Swift & O Brien, 1970; Thompson &
Heimsch, (964},  Anastomosis may be total or partial. Temporary anastomosis has
also been repotted in the scutellum of wheat (Swift & O’Brien, 1970).

In the root. the protophloem sieve tubes are accompamc«fl by hyperchromatic
phloem parenchyma (Fig. 2.7 8). Hypmchromatxcuy is the greatest near the differ-
entiating end in the root.  In the root no companion cells were letected. In veneral
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Oklahoma, U.S.A. The mature embryo consisted of a thin epicotyl, two fleshy coty-
ledons and a stout hypocotyl root axis. The cotyledons were oblongand cordate at
the base. The seeds were garm'nated on moist filter paper in [0-12 hours at room
temperature (25°C) under cond. tions of ordinary laboratory iltuny nation. Herbariun
specimens of seeds and seedlings ware deposited in the Texas A & M Untversity Tracy
Herbarium.

The seeds, soaked for 3, 6,9, 10, 11 and 12 hours, and the sesdlings, 3, 6, 9,
125 18, 24, 30, 42 and 60 hours old, were fixed in FAA and craf 11! and dxydrated
through a tertiary butyl aicohol series (Sass, 1958}, Sections, 6-12 micron, thick, were
stained in 0.05% (W/V) safranin (in 50% alcohol) and 0.003% (W/V) fast green
(in equal paris of xylene and ethanol) after an overnight exposure to 0.5% (W/V)
tannic acid (in 509 alcohol). Small pieces of vascular bundles were em»xdd xd in
plastic and sectioned at 0.5 mizron according to the standard method of e'ectron
microscopy (Engieman, 1965; Haque & Engleman, 1977). These thin sections were
stzined with ioluidine blue for observations with light microscope. Sexdlings,
1,2, 3and 4 days old, were fixed in acetic alcohol (1:3) and cleared, using papainaad
NaOQH as suggested by Rodin & Davis (1967). The cleared materials wore observed
in ordi.a-y light or in crossod polarizers to study the longitudinal course of phloen
differeatiation.

Flouresconce microscopy was used to investizate callose in protophloem sieve
elemants, using water-soluble aniling blue (Currier, 1957). To detect callose
the following steps were undertaken: paraffin  sections were obtained from
the whole hypocoty! root axis and pieces of cotyledon fixed in craf {{] within
about a minute after cutting. Freshand ssciions were also made rrom fresh roots
and cotyledons. The fresy sections were imarediately placed in anifine blue
solution containing 10-50 %] glycerol.

Resuits and Discussion

Phloem is the first vascular tissue formed in  Phaseolus mungo. It matures at
about the time of germination. Xylem does not appear until the seedlings are 18
hours old. The vascular pattern of the seedling is similar to that of 2. vulgaris (Doutt,
1932). The root is tetraxch (Fig. 1,3). Ons pole parallels the axis und » each coty-
ledon, and two poles are intercotyledonary. Simiiar observations have been re-
ported for Phaseous and other legumes (Compton, 1942; Dodel, 1872; Doutt, 1932;
Haris et al., 1921). Pith appears in the uppor part of the root. Transition i§ of an
intermediate type occurring np stly within the hypocetyl waich caincidas with the
reports of Dodel (1872), Freemman (1969), Gerard (1881), Perez & Roland (1963).
and Van Tieghem (1871). Sieve tubes ramify in the hypocotyl. Vascular bundles
in the cotyledon are amphicribral

In the course of germinstion the partiaily developed protophloem sieve elo-
ments in the hypocotyl of the mature secd (Haque & Engleman 1977) advance to-
wards maturation as seen in the transverse ard longitudical sections of the soaked
seeds. Seods soaked for 3 hours show no apparont change in the davelopment of
the sieve elemnt. Congidarable shrinkage of the protoplasm with conspicuous
vacuolation has been observed in the seods soaked for 6 hours.  Repeated trial showod
similar phenomenon. The nuc.ei and the nucieoli are found to be intact as secn in
the thin plastic sustions. The wails of thesc sieve elements aro, howaver, thicker
than those of the dry ssed. T o shrinkage of the protoplasm ard the thickeningint' e
coil wall of the sieve elomant acecfocato along with thetimo of socaking. Seeds, scaked





